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s aIntroduction: The Great East Japan Earthquake occurred on March 11, 2011, with a nuclear
accident subsequently occurring at the Fukushima Daiichi Nuclear Power Plant. The government
ordered a mandatory evacuation from the high radioactive concentration area in Fukushima, which
might have forced many evacuees to change particular aspects of their lifestyles. This study assessed
the hypothesis that mean body weight and the proportion of overweight/obese individuals would
increase among evacuees after versus before the disaster.
Methods: A longitudinal study examined data collected from 41,633 Japanese participants (mean
age, 67 years) sourced from general health checkups conducted in 13 communities between 2008
and 2010. Follow-up examinations were conducted from June 2011 through March 2013.
Results: A total of 27,486 participants (12,432 men and 15,054 women; follow-up proportion, 66%)
received follow-up examinations after the disaster, with an average follow-up of 1.6 years. Mean
body weight signiﬁcantly increased in both evacuees (n¼9,671) and non-evacuees (n¼17,815) after
the disaster, with greater changes in body weight among evacuees than non-evacuees (þ1.2 kg vs
þ0.3 kg, po0.001). The proportion of overweight/obese people also increased among evacuees after
the disaster, and evacuation was associated with an increased risk of being overweight, despite
adjustments for confounding variables. The proportions of overweight evacuees before and after the
disaster were 31.8% and 39.4%, respectively, whereas proportions among non-evacuees were 28.3%
and 30.3%, respectively.
Conclusions: Body weight and the proportion of overweight/obese people increased among
residents, especially evacuees, in the evacuation zone of Fukushima prefecture after the Great East
Japan Earthquake.
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Ohira et al / Am J Prev554The Great East Japan Earthquake, registering 9.0on the Richter scale, occurred in Japan on March11, 2011. Since the day of the disaster, more than
160,000 residents in the Fukushima prefecture, many of
those living in the areas surrounding the Fukushima
Daiichi Nuclear Power Plant located on the east coast,
were forced to evacuate their homes owing to a nuclear
accident caused by the earthquake and the subsequent
tsunami that struck the plant.
Previous studies have reported that cardiovascular
diseases, such as ischemic heart disease and stroke, tend
to occur more frequently after a disaster.1–3 A recent
study also showed that the incidence of out-of-hospital
cardiac arrest during the 4 weeks after March 11, 2011,
compared with that during the same period during the
previous 6 years, was signiﬁcantly increased in Iwate,
Miyagi, and Fukushima prefectures, which were most
damaged areas by the earthquake.4 Although the acute
effects of a disaster on the incidence of cardiovascular
diseases have been established previously, evidence for
the long-term effects of a disaster is limited. The disaster
forced many evacuees from the government-designated
evacuation zone in the Fukushima prefecture to change
several aspects of their lifestyles, such as diet, physical
exercise, and smoking and alcohol habits. Therefore,
evacuees may have a higher prevalence of cardiovascular
disease risk factors, such as obesity, hypertension, dia-
betes mellitus, and dyslipidemia.5
In contrast, it is unclear whether body weight increases
or decreases after a disaster. Reports indicate that
malnutrition can occur among survivors, especially
children, after a disaster.6,7 In China, young children
living in earthquake-affected areas continue to suffer
from various forms of malnutrition even 2 years after an
earthquake6; however, few studies have reported a change
in body weight or nutrition status among adults. There-
fore, this study sought to examine the associations of
evacuation with changes in body weight and the pro-
portion of overweight/obese people, which are closely
related to metabolic proﬁles, among residents in the
Fukushima prefecture of Japan. The authors hypothesize
that overweight/obesity increased among evacuees after
the Great East Japan Earthquake following a reduction in
physical activities due to changes in housing conditions
or work environment.
Methods
Study Population and Design
Subjects were Japanese men and women living in communities
near the Fukushima Daiichi Nuclear Power Plant in the Fukush-
ima prefecture, including Tamura City, Minamisoma City,Kawamata-machi, Hirono-machi, Naraha-machi, Tomioka-
machi, Kawauchi-mura, Okuma-machi, Futaba-machi, Namie-
machi, Katsurao-mura, Iitate-mura, and Date City. In 2010, the
Census populations of these communities were 42,085, 71,661,
16,065, 5,495, 7,927, 15,854, 3,074, 11,553, 7,171, 21,551, 1,582,
6,584, and 67,684 (total, 278,276), respectively. Following the
disaster, the government designated the 20-km radius around the
Fukushima Daiichi Nuclear Power Plant as a “restricted area” with
compulsory evacuation. The government subsequently designated
a 20- to 30-km area around the plant as an “evacuation-prepared
area in case of emergency,” and near the 30-km area where high-
level radiation exposure (420 mSv/year) was expected as “delib-
erate evacuation areas.” As a result, the governmental directions
forced all residents of Hirono-machi, Naraha-machi, Tomioka-
machi, Kawauchi-mura, Okuma-machi, Futaba-machi, Namie-
machi, Katsurao-mura, and Iitate-mura, and some residents of
Tamura City, Minami-Soma City, Kawamata-machi, and Date
City to evacuate their homes (Figure 1, Evacuation zone). The
other areas of Tamura City, Minami-Soma City, Kawamata-machi,
and Date City were deﬁned as a non-evacuation zone in the
present study (Figure 1, Non-evacuation zone). Annual health
checkups focusing on metabolic syndrome for insured people of
the National Health Insurance aged 40–74 years and for the elderly
aged Z75 years (the target population for checkups consisted of
91,554 men and women in 2010) have been conducted in these
communities since 2008. This study limited all analyses to men
and women aged 40–90 years (the Census population aged 40–90
years of these communities was 164,714 in 2010). Between 2008
and 2010, a total of 41,633 subjects (18,745 men and 22,888
women; mean age, 67 years) in these communities participated in
health checkups. The participation rates for the initial Census
population and the target population for checkups were 25.3%
and 45.5%.
Follow-up examinations were conducted from June 2011
through March 2013 as a part of the Comprehensive Health
Check in the Fukushima Health Management Survey (FHMS).
A previous report has detailed the methods of the Comprehensive
Health Check and the FHMS, and the follow-up survey was
conducted countrywide because the subjects evacuated to various
parts of the country.8 As a result, 27,486 participants (12,432 men
and 15,054 women; follow-up proportion, 66%) received follow-up
examinations after the disaster, with an average follow-up period
of 1.6 years. There were some differences in baseline characteristics
between individuals who received follow-up examinations and
those who did not, such as mean age (66.3 vs 68.0 years) and
prevalence of diabetes mellitus (9.2% vs 11.4%) and hypertension
(53.9% vs 58.5%), whereas there were few differences in baseline
BMI (23.5 vs 23.5) and proportions of women (54.8% vs 55.4%)
and excessive drinkers (4.5% vs 4.9%).
This study obtained informed consent from community repre-
sentatives to conduct an epidemiologic study based on the guide-
lines of the Council for International Organizations of Medical
Science.9 The Ethics Committee of the Fukushima Medical
University approved this study (#1916).Measures and Deﬁnitions
Height in stocking feet and weight in light clothing were measured,
and BMI was calculated as weight (kg)/height (m)2. Overweight
and obese individuals were deﬁned as having a BMI Z25 andwww.ajpmonline.org
Figure 1. Geographic details of the evacuation zone, non-evacuation zone, and the Fukushima Daiichi Nuclear Power Plant.
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smoking and weekly alcohol intake in units of “go,” a traditional
Japanese unit of volume corresponding to 22 g of ethanol, which
was subsequently converted to grams of ethanol per day. One go
equates to 180 mL of sake and corresponds to one bottle (500 mL)
of beer, two single shots (60 mL) of whiskey, or two glasses (240
mL) of wine. Participants who consumedZ2 go (Z44 g ethanol)
per day were classiﬁed as being current excessive drinkers.
Statistical Analysis
The participants were divided into two groups: evacuees (n¼9,671)
and non-evacuees (n¼17,815). This study used a paired t test to
compare mean values of body weight and BMI before and after the
disaster, and the McNEMAR test to compare the proportion of
overweight people before and after the disaster. The differences in
changes in body weight and BMI or the proportion of overweight
people before and after the disaster between the evacuees and non-
evacuees were calculated using ANCOVA or logistic regression
models, with adjustments for age (years) and sex. These analyses
were also tested stratiﬁed by sex and age group (o65 years and
Z65 years) because higher weight among the elderly may not be a
sign of poor health. Among the participants who were not over-
weight before the disaster (n¼19,421), the hazard ratios (HRs) of
becoming overweight after the disaster and 95% CIs for evacuation
were calculated with adjustment for age and other potential
confounding factors using the Cox proportional hazards model.
The potential confounding factors were excess ethanol intake,
smoking status, and BMI at baseline. SAS, version 9.3, was used
for analyses. All probability values for statistical tests were two-tailed,
with p-valueso0.05 regarded as statistically signiﬁcant.
Results
Table 1 shows changes in body weight and BMI, and the
proportion of overweight people among evacuees
(n¼9,671) and non-evacuees (n¼17,815) before and
after the disaster. The follow-up proportions were 58%May 2016for the evacuees and 71% for the non-evacuees. Mean
body weight and BMI signiﬁcantly increased among both
evacuee and non-evacuee groups after the disaster,
although changes in body weight and BMI were greater
in the evacuee group than the non-evacuee group (þ1.2
kg vs þ0.3 kg, po0.001; þ0.6 vs þ0.2, po0.001). In the
evacuee group, the proportion of overweight and obese
people increased after the disaster from 31.5% to 38.8%
and 3.7% to 5.1%, respectively, whereas the proportions
in the non-evacuee group increased from 28.2% to 30.5%
and 3.2% to 3.7%, respectively. The differences in
changes in the proportions of overweight and obese
people before and after the disaster between the evacuee
and non-evacuee groups were signiﬁcant.
Changes in body weight and BMI were greater in men
than in women (þ1.8 kg and þ0.7 for men; þ0.8 kg and
þ0.5 for women; Table 1). As shown in Table 2, changes
in body weight and BMI were greater in the evacuees
than in the non-evacuees regardless of age group. The
changes in body weight and BMI among evacuees were,
respectively, 1.4 kg and 0.6 for those agedo65 years and
1.1 kg and 0.6 for those aged Z65 years, whereas these
changes among non-evacuees were 0.5 kg and 0.2 for
those aged o65 years and 0.2 kg and 0.1 for those aged
Z65 years.
Table 3 shows age- and multivariable-adjusted HRs
and 95% CIs of being overweight after evacuation. After
the disaster, 961 participants (9.9%) in the evacuee group
transitioned from being not overweight to overweight,
whereas 928 participants (5.2%) did so in the non-
evacuee group. In contrast, those who transitioned from
being overweight to not overweight were 254 (2.6%) in
the evacuee group and 520 (2.9%) in the non-evacuee
group, respectively. Evacuation was associated with an
Table 1. Changes in Body Weight and BMI Among Evacuees and Non-evacuees Stratiﬁed by Sex
Non-evacuees Evacuees
Before After Δ p-value Before After Δ p-value p-valuea
Men
n 8,157 4,275
Ageb 67.0 (9.4) 68.4 (9.4) 66.6 (9.6) 68.2 (9.5)
Body weight (kg)b 62.2 (9.6) 62.6 (9.7) 0.4 o0.001 62.9 (9.8) 64.7 (9.9) 1.8 o0.001 o0.001
BMIb 23.5 (3.0) 23.7 (3.0) 0.2 o0.001 23.8 (3.1) 24.5 (3.1) 0.7 o0.001 o0.001
Overweight (Z25, %) 29.0 31.9 2.9 o0.001 32.8 42.6 9.8 o0.001 o0.001
Women
n 9,658 5,396
Ageb 65.7 (9.1) 67.2 (9.1) 65.9 (9.9) 67.6 (9.9)
Body weight (kg)b 52.4 (8.4) 52.6 (8.6) 0.2 o0.001 53.1 (8.6) 53.9 (8.8) 0.8 o0.001 o0.001
BMIb 23.3 (3.4) 23.5 (3.5) 0.2 o0.001 23.5 (3.5) 24.0 (3.6) 0.5 o0.001 o0.001
Overweight (Z25, %) 27.4 29.2 1.8 o0.001 30.5 35.9 5.4 o0.001 o0.001
Total
n 17,815 9,671
Ageb 66.3 (9.3) 67.7 (9.2) 66.2 (9.8) 67.8 (9.8)
Body weight (kg)b 56.9 (10.2) 57.2 (10.4) 0.3 o0.001 57.5 (10.4) 58.7 (10.8) 1.2 o0.001 o0.001
BMIb 23.4 (3.2) 23.6 (3.3) 0.2 o0.001 23.6 (3.3) 24.2 (3.4) 0.6 o0.001 o0.001
Overweight (Z25, %) 28.2 30.5 2.3 o0.001 31.5 38.8 7.3 o0.001 o0.001
Note: Boldface indicates statistical signiﬁcance (po0.001).
aAge- and sex-adjusted p-value for comparing the changes in the evacuee group to the changes in the non-evacuee group between before and after
the earthquake.
bValues are M (SD).
Ohira et al / Am J Prev Med 2016;50(5):553–560556increased risk of becoming overweight, and the age-
adjusted HR of evacuation for becoming overweight was
1.67 (95% CI¼1.53, 1.83, po0.001). After adjustment for
age, sex, BMI, excess ethanol intake, and smoking status at
baseline, the HR slightly decreased to 1.61, but the
association was essentially unchanged. Furthermore, evac-
uation was signiﬁcantly associated with changes in body
weight and BMI after adjustments for age, sex, BMI, excess
ethanol intake, and smoking status at baseline in a
multivariable-adjusted regression model (data not shown).
The association of evacuation with becoming overweight
was somewhat greater in men than in women; the age-
adjusted HRs of evacuation were 1.82 (95% CI¼1.60, 2.06)
for men and 1.53 (95% CI¼1.34, 1.74) for women.
Discussion
This longitudinal study’s main ﬁndings were the increase
in mean body weight and the proportion of people beingoverweight/obese after the Great East Japan Earthquake
among residents living near the Fukushima Daiichi
Nuclear Power Plant in the Fukushima prefecture, and
the signiﬁcant association between evacuation and an
increased risk of becoming overweight/obese after adjust-
ing for confounding variables. Therefore, evacuees may
be predisposed to cardiovascular disease risk factors such
as hypertension, diabetes mellitus, and dyslipidemia, as
being overweight or obese is strongly associated with
these factors.5
Although previous studies have shown that glycemic
and blood pressure control deteriorates among residents
after a natural disaster such as an earthquake or
hurricane,10–14 there are few studies examining the
associations between a disaster and body weight. An
observational study examined 200 evacuees aged 57–71
years from areas affected by the tsunami and exposed to
radiation after the Great East Japan Earthquake.
Although the sample size was small, the study reportedwww.ajpmonline.org
Table 2. Changes in Body Weight and BMI Among Evacuees and Non-evacuees Stratiﬁed by Age
Non-evacuees Evacuees
Before After Δ p-value Before After Δ p-value p-valuea
o65 years
n 6,890 3,962
Ageb 57.0 (6.3) 58.5 (6.2) 56.7 (6.2) 58.4 (6.2)
Body weight (kg)b 58.8 (10.7) 59.3 (10.9) 0.5 o0.001 59.8 (10.9) 61.1 (11.3) 1.4 o0.001 o0.001
BMIb 23.4 (3.4) 23.6 (3.4) 0.2 o0.001 23.7 (3.5) 24.3 (3.6) 0.6 o0.001 o0.001
Overweight (Z25, %) 28.1 30.6 2.5 o0.001 31.5 38.5 7.0 o0.001 o0.001
Z65 years
n 10,925 5,709
Ageb 72.2 (5.1) 73.6 (5.1) 72.8 (5.3) 74.4 (5.4)
Body weight (kg)b 55.6 (9.6) 55.9 (9.8) 0.2 o0.001 55.9 (9.7) 57.0 (10.0) 1.1 o0.001 o0.001
BMIb 23.4 (3.1) 23.5 (3.2) 0.1 o0.001 23.6 (3.2) 24.2 (3.3) 0.6 o0.001 o0.001
Overweight (Z25, %) 28.2 30.4 2.2 o0.001 31.6 39.1 7.5 o0.001 o0.001
Note: Boldface indicates statistical signiﬁcance (po0.001).
aAge- and sex-adjusted p-value for comparing the changes in the evacuee group to the changes in the non-evacuee group between before and after
the earthquake.
bValues are M (SD).
Ohira et al / Am J Prev Med 2016;50(5):553–560 557signiﬁcant increases in body weight and BMI after the
disaster compared with those before the disaster,15
correlating with the results of the present study. Fur-
thermore, the present study demonstrated that evacua-
tion could be a signiﬁcant risk factor for increasing body
weight after adjustment for confounding variables.
In the evacuation group, the proportion of overweight
people increased after the disaster from 32.8% to 42.6%
for men and from 30.5% to 35.9% for women. The
National Health and Nutrition Survey reported that the
proportion of overweight people was unchanged from
2003 to 2012 among men aged 20–69 years and
decreased among women aged 40–69 years; the propor-
tions of overweight people in 2003 and 2012 were 29.5%
and 29.6% for men and 25.0% to 20.5% for women,
respectively.16 Furthermore, the Fukushima prefectural
government reported that the proportions of overweight
people in 2002 and 2010 were 31.0% and 33.2% for men
and 30.3% and 23.4% for women.17 Therefore, the
change in body weight in evacuees in Fukushima after
the disaster must be greater, compared with those in
other areas in Japan and those before the disaster in
Fukushima.
The present study did not evaluate lifestyle factors
such as diet and physical activity in detail; therefore, the
potential mechanisms through which evacuation might
increase body weight remain unknown. However, aMay 2016previous study showed that median daily step counts
among survivors living in temporary housing after the
Great East Japan Earthquake were relatively low com-
pared with the national and regional averages.18 Fur-
thermore, results of a mental health and lifestyle survey
by the FHMS showed that those who evacuated in
response to governmental direction tended to be less
physically active, consume more alcohol, experience
greater psychological stress, and have difﬁculty sleeping
after the disaster.19,20 Among 73,433 evacuees, approx-
imately 70% had trouble sleeping, resulting in harmful
effects on daytime activities, and 51% did not exercise
regularly.19,20 Thus, health-related behaviors could be an
important factor mediating the inﬂuence of evacuation
on increased body weight. Further study is needed to
conﬁrm the associations of lifestyle and psychological
factors with becoming overweight among evacuees after
the disaster.
The present study observed signiﬁcant increases in
body weight and BMI among evacuees as well as non-
evacuees, although the changes in body weight and BMI
were greater among evacuees. Therefore, changes in
lifestyle, such as diet and physical activity, may have
occurred among people living near the Fukushima
Daiichi Nuclear Power Plant with or without evacuation.
In the mental health and lifestyle survey by the FHMS,
48.1% of responders who lived in the same area in the
Table 3. Multivariable-Adjusted Hazard Ratios and 95% CIs of Overweight for Evacuation
Among Men and Women
Non-evacuees Evacuees p-value
Men
No. at risk 5,788 2,873
No. of cases 465 509
Incidence rate/1,000 person-years 54 108
Age-adjusted HR (95% CI) ref 1.82 (1.60, 2.06) o0.0001
Multivariable-adjusted HR (95% CI)a ref 1.82 (1.61, 2.07) o0.0001
Multivariable-adjusted HR (95% CI)b ref 1.78 (1.57, 2.02) o0.0001
Women
No. at risk 7,011 3,749
No. of cases 463 452
Incidence rate/1,000 person-years 44 72
Age-adjusted HR (95% CI) ref 1.53 (1.34, 1.74) o0.0001
Multivariable-adjusted HR (95% CI)a ref 1.52 (1.34, 1.74) o0.0001
Multivariable-adjusted HR (95% CI)b ref 1.45 (1.28, 1.66) o0.0001
Total
No. at risk 12,799 6,622
No. of cases 928 961
Incidence rate/1,000 person-years 48 87
Age-adjusted HR (95% CI) ref 1.67 (1.53, 1.83) o0.0001
Multivariable-adjusted HR (95% CI)a ref 1.68 (1.53, 1.84) o0.0001
Multivariable-adjusted HR (95% CI)b ref 1.61 (1.47, 1.77) o0.0001
Note: Boldface indicates statistical signiﬁcance (po0.0001).
aAdjusted for age, sex, excess ethanol intake, and current smoking at baseline.
bAdjusted for age, sex, excess ethanol intake, current smoking, and BMI at baseline.
HR, hazard ratio.
Ohira et al / Am J Prev Med 2016;50(5):553–560558present study believed that radiation exposure in the
current case was very likely to cause chronic health
effects such as cancer.19,20 This may lead to staying inside
more often for fear of radiation and avoiding physical
exercise in the open air for both evacuees and non-
evacuees. Further research is needed to compare the
changes in body weight between residents living in the
evacuation zone and those living in areas far from the
Fukushima Daiichi Nuclear Power Plant.
Limitations
The strengths of the present study were the inclusion of a
relatively large number of residents from the evacuation
zone, as well as the assessment of body weight before
and after the disaster, which allowed longitudinal anal-
yses for an association between evacuation and body
weight. Nevertheless, the potential limitations of thisstudy warrant consideration.
First, although signiﬁcant
increases in body weight
and BMI were observed
among both evacuees and
non-evacuees, aging may
have affected the results.
However, upon analysis of
changes in BMI between
2008 and 2010 among evac-
uees and non-evacuees
(n=29,588) in the target
populations who received
health checkups two or more
times between 2008 and
2010, the study did not
observe a signiﬁcant increase
in BMI during the 3 years
before the disaster (23.6 on
the ﬁrst examination, 23.4
on the second examination;
average follow-up, 1.7
years). Therefore, aging is
expected to have a limited
effect on the results of this
study. Second, although the
follow-up survey was con-
ducted countrywide, the
follow-up proportions were
not high and differed
between the evacuees and
non-evacuees (58% vs 71%).
From the standpoint of rep-
resentativeness, this may
lead to an underestimation
or overestimation of theassociation between evacuation and change in body
weight, although there were no differences in baseline
BMI (23.5 vs 23.5) between individuals who received
follow-up examinations and those who did not. Third,
the study did not evaluate socioeconomic factors other
than evacuation. A previous study reported an associa-
tion between living in a sprawling country location and a
change in BMI after Hurricane Katrina.21 Therefore,
other environmental or socioeconomic factors may have
inﬂuenced the association between evacuation and
changes in body weight in the present study. In the
mental health and lifestyle survey by the FHMS, 54% of
responders of the survey changed their job status and
21% lost their jobs.19,22 These changes in job status of the
evacuees may affect the changes in body weight.
Furthermore, although the authors observed a signiﬁ-
cant increase in mean body weight and the proportion ofwww.ajpmonline.org
Ohira et al / Am J Prev Med 2016;50(5):553–560 559overweight/obese people among evacuees after the dis-
aster, previous studies conducted in developing countries
reported that malnutrition occurred among survivors,
especially children and women, after a disaster.5,6,23,24
Because the survivors in Fukushima could receive
sufﬁcient food supply and massive aid programs at least
a few weeks after the disaster, the results in the present
study may be applicable to developed countries. Finally,
because the target population of the present study was
people aged 40–74 years insured by National Health
Insurance (mainly for farmers, ﬁsherpersons, the self-
employed, and retired employees), the authors did not
include people insured by social insurance (mainly for
employees) to analyze the associations. This may modify
the results, although 56% of the Census population aged
40–90 years in these communities were enrolled in
National Health Insurance.
Conclusions
Body weight and the proportion of overweight people
may have increased among community residents, espe-
cially the evacuees, in the evacuation zone of the
Fukushima prefecture after the Great East Japan Earth-
quake. Even today, 4 years after the earthquake, more
than 110,000 residents from Fukushima remain evac-
uated. To prevent future lifestyle-related diseases occur-
ring secondarily to long-term evacuation, urgent action is
required from researchers, together with local govern-
ments and communities, to determine the adverse
physical effects of evacuation and to establish appropriate
measures for targeting weight gain among evacuees.
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